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ABSTRACT
The influence of nutrition on the severity of disease
caused by Rhizoctonia fragariae Husain & McKeen to strawberry
plants was studied with Dabreak seedlings grown aseptically
on verraiculite in preparation dishes.

Glucose and cellulose

were used as carbon sources at concentrations of 0, 1, and 3
g/liter in combination with 0.25,

0.5, 1.0, and 2.OX the

normal concentration of Hoagland's solution.

Inoculated

plants grown in nutrient solutions with a high organic:
inorganic ratio developed stubby, blackened root systems and
were stunted.
Glucose was more effective in enhancing disease
severity than cellulose.

Both carbon sources resulted in

greater plant damage in combination with the lower concen
trations of Hoagland's solution.
N, P, K, Ca, and Mg in Hoagland's solution were
varied individually to obtain a series of solutions for each
element containing 0, 0.25,
tration.

0.5 and 2.OX the normal concen

Three g glucose/liter were added to each solution.

At the zero level of P, uninoculated plants were severely
stunted and inoculated plants were killed.

Inoculation had

no apparent effect on growth of seedlings at any concentra
tion of the other elements.
xi

Histological observations showed that roots and
crowns of inoculated plants were covered with a mantle of
mycelium and that the cortex was invaded inter- and intracellularly.
Strawberry seed from eleven cultivars were surface
sterilized and incubated on a sterile agar medium in the
light

(80-100 ft-c)

for germination.

Midway., Tennessee

Beauty, and Sunrise failed to germinate while the other
cultivars germinated at various rates.

Inoculation with R.

fragariae resulted in germination of seed from all sources,
and increased the rate of those which germinated without
the fungus.

Nine isolates of the fungus were found to be

similar in their effect on seed germination.
Virulence of the isolates to germinated Dabreak
seedlings varied greatly
lates tested.

(3 to 100% kill) among four iso

The seedlings from the 11 cultivars tested

had a wide range of tolerance

(10 to 100% kill)

for two

isolates of R. fragariae.
To determine whether a metabolite of R. fragariae
stimulated seed germination, mycelial extracts and culture
filtrates were used to treat seed.

No stimulation occurred.

Gibberellic acid, kinetin, thiourea, and indoleacetic acid
were tested and found to have no effect on seed germination.
Moist-chilling of surface sterilized seed in aseptic condi
tions failed to effect germination.

xii

Acid scarification

resulted in germination of Midway seed at a faster rate than
seed inoculated with R. fragariae.
Histological sections of germinating Midway seed
inoculated with R. fragariae showed that the fungus pene
trated the vascular trace and grew between the pericarp and
the integument.

The embryo was not infected.

It is sug

gested that R. fragariae stimulated strawberry seed germina
tion b y digesting an opening in the vascular trace and
permitting penetration of water and gases through the
pericarp.

xiii

NUTRITIONAL EFFECTS ON DISEASE SEVERITY OF
STRAWBERRY PLANTS INOCULATED WITH
RHIZOCTONIA FRAGARIAE

INTRODUCTION
One of the most destructive diseases affecting
strawberry production on a world wide basis is black root
rot

(17).

Its above ground symptoms are similar to those

caused by droughty which result from the inability of the
damaged root system to supply the plant with adequate water.
Generally, the plants are unthrifty and stunted.
duce few runners and are frequently killed.

They pro

The root systems

from diseased plants are small and composed of short.,
prematurely darkened adventitious roots with few lateral
roots.

*
Fungi^ bacteria, nematodes, toxic substances in the

soil, and environmental conditions have been suggested as
possible causes of black root rot

(17), with fungi having

received the greatest amount of attention.

Rhizoctonia spp.

have been suggested to be the primary causal agent of
cortical root rots of strawberries by a number of investi
gators
tors

(3, 6, 9, 13, 25).

A much longer list of investiga

(1, 7, 8, 12, 14, 20, 21, 22, 24) have found Rhizoctonia

spp. associated with strawberry root disorders fitting the
general description of black root rot.
In 1934, Bouwens

(2) reported finding an endotrophic

mycorrhizal fungus of strawberry roots which was a Rhizoc
tonia sp.

A Rhizoctonia-like fungus also has been reported

3
as a mycorrhizal fungus of strawberry roots in Australia
(16).

More recently Rhizoctonia fragariae has been found

to be a close associate of apparently healthy as well as
diseased strawberry roots and suggested to be involved in
both mycorrhizal and pathogenic relationships with straw
berry plants

(18; 19).

The purpose of the present investigation was to
study the influence of nutrition in the root zone on the
nature of the relationship between R. fragariae and straw
berry r o o t s .

<

MATERIALS AND METHODS
A single isolate., La-1., of Rhizoctonia fragariae
Husain and McKeen was used throughout this study.

When used

for inoculum., the fungus was grown in 90 mm petri dishes at
24-27 C for 3 days

on a malt-yeast agar medium composed of

10 g malt extract,

2 g yeast extract, and 15 g agar.

Stock

cultures were maintained on agar slants of the same medium
at 4-6 C.
Seed used in this work were harvested from mature
berries homogenized in a Waring blender for 30 sec.

Seed

settled to the bottom of the homogenate and were cleaned by
washing with water

repeatedly.

After air drying, the

were stored at 4-6

C in closed v i als.

seeds

Strawberry seeds, cv Dabreak, were surface sterilized
with 0.5% sodium hypochlorite for 15 min and aseptically
placed on autoclaved vermiculite saturated with nutrient
solution in 80 x 100 mm preparation dishes.
Glucose and inorganic nutrient series.
trations of Hoagland's solution
1.0,

and 2.OX.

(11) were used:

Four concen
0.25,

0.5,

Superimposed on this inorganic nutrient

series were 0, 1.0, and 3.0 g of glucose per liter of
nutrient medium.

There were six dishes at each concentra

tion combination; three inoculated and three uninoculated

replicates.

Ten seed

were placed in each preparation dish

and held for 3 wk at 24-27 C in 80-100 ft-c of continuous
light.

At this time more than 50% of the seed had germi

nated.

A 6 m m disc cut from a 3 day-old plate culture was

transferred aseptically to each dish designated to receive
inoculum and immediately moved into an environmental chamber
at 20-23 C with 14 hr of 1500 ft-c light.

The plants in all

preparation dishes were rated visually for growth 4 wk after
inoculation.

Cellulose and inorganic nutrient series.
centrations of Hoagland's solution were used:

Four con

0.25, 0.5,

o

1.0,

and 2.OX.

Superimposed on this inorganic nutrient

series were 0, 1.0, and 3.0 g of finely powdered chromato
graphic cellulose per liter of nutrient medium.

There were

six dishes at each concentration combination; three
inoculated and three uninoculated replicated.
15 seeds were placed in each preparation dish.

Approximately
They were

held at 24-27 C in 80-100 ft-c of continuous light for 4 wk
then transferred to an environmental chamber at 21 C with
14 hr of 1500 ft-c light for 4 days prior to inoculation.
They were inoculated as described in the previous glucose
experiment,
inoculation.

and thinned to 10 plants/dish at the time of
The plants were rated visually for growth 5

wk after inoculation.

Inorganic element concentration.

Hoagland's solution

was modified to obtain a series of solutions for each element
containing 0, 0.25., 0.5, and 2X, the normal concentrations of
N, P, K, Ca, and Mg.
salt of each element.

This was done by using the Na or Cl
Three g cellulose/liter were added to

all inorganic solutions.

There were two inoculated and two

uninoculated replicates for each nutrient concentration.

All

preparation dishes with their contents were autoclaved prior
to seeding.

Approximately 15 seeds were placed on the ver-

miculite in each preparation dish and held in an environmen
tal chamber at 21 C with 14 hr of 1500 ft-c light for 4 wk.
The seedlings were thinned to 10/dish and inoculated as
described previously.

The plants were rated visually for

growth 8 wk after inoculation.
Glucose levels and disease severity on older plants.
Two month-old seedlings grown aseptically in preparation
dishes were transplanted into vermiculite in 1 qt plastic
cottage cheese tubs and irrigated daily with half strength
Hoagland's solution.

One month after transplanting, half

of the plants were inoculated by incorporating a 3 day-old
plate culture in the vermiculite.

At the same time both

inoculated and uninoculated plants were divided into groups
of five plants.

Each group was irrigated once with a pre

determined glucose concentration from a Hoagland's solution
series containing 0, 1, 3, and 5 g glucose/liter.

The plants

7
were observed for symptom development and growth.

One month

after inoculation the roots were washed and examined and
plant dry weights obtained.
Histology of infected plants.

Plants were grown on

vermiculite in preparation dishes with Hoagland's solution
containing 1 g glucose/liter.

They were inoculated 3 wk

after seeding and plants were removed for histological
examination 4 wk after inoculation.
Root and crown were cut into pieces 3-4 mm in lengthy
fixedj and killed in formalin-acetic acid-alcohol fixative.
The tissue pieces were dehydrated with a normal butyl alcohol
schedulej

and embedded in paraffin.

cutj fixed on slides and stained.

Sections lO ju thick were
The sections were stained

with safranin and counter stained with fast green.

<

RESULTS
Glucose and inorganic nutrient series.

Growth of

strawberry plants propagated in preparation dishes in a
graded series of glucose solutions mixed with various con
centrations of Hoagland's solution was rated visually 4 wk
after inoculation.

Growth was rated from 0-5, with 0 = no

growth following inoculation and 5 = growth of uninoculated
plants in normal Hoagland's solution without added glucose.
Growth of all uninoculated plants at all glucose concentra
tions., 0, 1, 3 g/liter, at all Hoagland's solution concen%
trations, 0.25., 0.5, 1.0 and 2. Ox, was given a 5 rating.
Also a 5 rating was given for growth of inoculated plants
at all Hoagland's concentrations without added glucose
1).

(Table

Growth reduction was apparent in all inoculated plants

growing in nutrient solution to which glucose had been added.
Growth reduction was greater at 3 g glucose/liter than at 1
g/liter.

More important however was the fact that growth

reduction at each glucose level was not the same at all
Hoagland's concentrations.

Plant growth was reduced by the

fungus progressively more from the highest to the lowest
Hoagland's concentratioji (Table 1).
Adventitious roots of uninoculated plants were long,
fleshy, white, and had numerous lateral roots.

Roots of

inoculated plants grown in the absence of glucose were
8

9

Table 1.

The effect of glucose:inorganic ratio on growth

of strawberry seedlings propagated aseptically in prepara
tion dishes and inoculated with Rhizoctonia fragariae3 iso
late La-1

Growth rating9
Carbon level

Hoagland's nutrient level
2X

IX

Noninoc

5

5

5

5

Inoc

5

5

5

5

Noninoc

5

5

5

5

Inoc

3

2

1

0

Noninoc

5

5

5

5

Inoc

2

1

0

0

0.5X

0.25X

No glucose

1 g glucose/liter

3 g glucose/liter

a0 = no growth after inoculation;

5 = normal growth.

identical in appearance, but in the presence of glucose there
was a darkening and stunting of the root system.

The adven

titious roots of inoculated plants, in the presence of
glucose, were short, had few lateral roots, and had numerous
reddish-brown lesion on them.

The greater the glucose:

inorganic ratio the more severe were the symptoms.
Cellulose and inorganic nutrient series.

The results

of this experiment were similar to those of the glucose
inorganic series except the growth was not reduced over as
wide a range of solutions.

Growth reduction was apparent

only at the 0.25 and 0.5X Hoagland's concentration with 3 g
cellulose/liter and at the 0.25X Hoagland's with 1 g
cellulose/liter

(Table 2).

Root damage by the fungus was

similar to that found on plants with similar growth in the
presence of glucose

(Fig. 1).

Inorganic element concentration.

There was no ap

parent difference in the growth of inoculated or uninoculated
plants at any concentration of any element except 0-levels of
N and P.

With no added N or P the plants were severely

stunted and did not grow beyond the first primary leaf stage
during the 3 mo after planting.

In the case of no N, there

was no apparent difference between inoculated and uninocu
lated plants.

However, with no P the inoculated plants were

killed while the uninoculated plants remained alive even
though they were severely stunted.

11

Table 2.

The effect of cellulose:inorganic ratio on

growth of strawberry seedlings propagated aseptically in
preparation dishes and inoculated with Rhizoctonia fraqar i a e , isolate La-1

Growth ratinga
Carbon level

Hoagland1s nutrient level
2X

No cellulose

IX

0.5X

0.25X

•

Noninoc

5

5

5

5

Inoc

5

5

5

5

Noninoc

5

5

5

5

Inoc

5

5

5

2

Noninoc

5

5

5

5

Inoc

5

5

2

1

1 g cellulose/liter

3 g cellulose/liter

a

0 = no growth after inoculation;

5 = normal growth

12

UNINOC

0 . 3 ; . CELLULOSE

0 . 2 5 X HOAG. SOLN

Fig. 1.

Stunting and root discoloration of infected

strawberry plants grown aseptically in preparation dishes
on 0.25X Hoagland's solution plus 3 g cellulose/liter;
5 w k after inoculation with Khizoctonia fraqariae.
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Glucose levels and disease severity on older plants.
Dry weights of uninoculated plants were reduced by addition
of glucose from 10.54 g/plant without glucose to 8.13
g/plant at the 5 g glucose/liter level

(Table 3).

Inocula

tion with R. fragariae caused a much greater decrease in
growth.

The average dry wt of inoculated plants without

glucose was 7.03 g and the weights were progressively less
as glucose concentration was increased.

Growth reduction

was reflected in both root and top weights

(Table 3).

When

the total weight of inoculated plants at each level of
glucose was compared to its uninoculated counterparty it
was found that inoculation significantly reduced the weight
at each level except 1 g/liter.
Growth reduction in inoculated plants was apparent
on visual observation.

Furthermore., the petioles of the

infected plants turned red suggesting increased levels of
anthocyanin pigments , while only traces of red could be seen
in the petioles of uninoculated plants.

At the time the

plants were harvested for dry weights the uninoculated plants
had began to produce runners abundantly.

Only an occasional

runner was produced by the infected plants.

Similar results

were obtained in a second experiment.
The root systems of the inoculated plants in the
presence of glucose were shorter in length and composed of
fewer adventitious roots.

Many of the adventitious roots

that emerged from the crown after inoculation were stubby

14

Table 3.

Average dry wt of 4 mo-old uninoculated and

inoculated strawberry plants grown for 1 mo after inocula
tion on 4 levels of glucose and irrigated with half strength
Hoagland's solution3

T_

Treatment

Dry wt (g)
---------------------------------------------Root

Top

Total

no glucose

2.18

8.35

1 g/liter glucose

1.61

.7.96

3 g/liter glucose

1.96

7..97

9.94 a b c

5 g/liter glucose

1.50

6.62

8.13 a b c d

no glucose

1.15

5.87

7.03 b c d e

1 g/liter glucose

1.20

5.46

6.66 b c d e

3 g/liter glucose

1.03

4.42

5.46

d e

5 g/liter glucose

0.44

3.58

4.02

e

Uninoculated
10.54 a
9.58 a b

Inoculated

aInoculum and glucose were added at the same time.
^Each value average of three plants.
cValues followed by the same letter do not differ signifi
cantly at the 5 %

level.

test for significance.

Based on Duncan's multiple range

and near void of lateral roots

(Fig. 2).

Histology of infected plants.

A mantle of filamen

tous mycelium was found covering a large part of the roots
and the basal part of the crown of inoculated plants
3).

(Fig.

The fungus was found inter- and intracellularly

throughout the cortex of the roots.

The intracellular

mycelium in many cells formed barrel-shaped or monilioid
cells and compacted many of the host cells

(Fig. 4).

Large

quantities of mycelium were found ramifying throughout some
areas of the cortex., but it was never observed to penetrate
nor was it ever found beyond the endodermis.

16

Fig. 2.

Root system of inoculated

(A) and uninoculated

(B) strawberry plants 1 mo after inoculation with Rhizoctonia
fraqariae.

Plants were grown in 0.5X Hoagland's solution,

and 5 g glucose/liter of solution were added at the time of
inoculation.

17

Fig. 3.

Mantle of mycelxum on the root surface and

mycelium in the cortex cells of roots from Dabreak
strawberry seedlings grown aseptically in preparation
dishes ; 1 mo after inoculation with Rhizoctonia fraqariae,
isolate La-1.

A) Adventitious root

(X140) } B) Protrusion

of feeder root from adventitious root

(X270).
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Fig. 4.

Monilioid and filamentous mycelium of Rhizoctonia

fragariae inside cortex cells of an adventitious root from a
Dabreak strawberry seedling grown aseptically in a prepara
tion dish;

1 mo after inoculation with isolate La-1

and B X 8 6 0 ) .

(A X280

DISCUSSION
Association of a parasitic microorganism with its
host is not always sufficient to result in a pathogenic at
tack.

Inoculum potential of the infective propagules must

be sufficiently high for a pathogenic attack and nutrition
of the propagules is an integral part of that potential

(4).

The results of this investigation show that there is a strong
relationship between nutrition in the root zone and the patho
logical effects caused by R. fraqariae to strawberry roots.
Both organic and inorganic nutrition were shown to effect
the relationship of this fungus with strawberry roots.
The addition of glucose or cellulose to the growth
medium resulted in root damage and stunting to inoculated
plants.

Disease symptoms were more severe at the higher

concentrations of each carbon source.

Addition of glucose

resulted in more severe disease symptoms than cellulose in
inoculated p l a n t s .

Addition of a carbon source to the growth

medium apparently enhances the virulence of R. fraqariae to
strawberry roots and crowns.

Weinhold

(23) recently demon

strated that the virulence of R. solani to cotton seedlings
varied directly with the glucose concentration of the medium
in which the inoculum was grown., the fungus being more
virulent at the higher glucose levels.

Hadley

(5) compared

cellulose and glucose as carbon sources for Rhizoctonia spp.
19

20

infecting orchid protocorms and found that cellulose resulted
in slower growth of the fungus and less pathogenic effects to
the host.
Disease severity at a given carbohydrate level was
affected by the level of inorganic nutrients.

Disease

symptoms were more acute at lower inorganic nutrient levels.
This shows that the carbon:inorganic ratio is more important
than carbon level alone in determining severity of disease.
A series of concentrations of individual elements
was established to determine which ones play a role in
disease development.

The only difference between inoculated

and uninoculated plants was at zeroalevel of P, in which case
uninoculated plants were severely stunted but inoculated
plants were killed.

The reason nutrient deficiencies were

detected only at zero levels of N and P., probably, was due
to trace contaminants, reserves in the seeds, and the short
period of time the plants were grown in the media.
Histological observations of strawberry roots and
crowns from plants inoculated with R. fraqariae clearly shows
that this fungus can infect the cortex of the root and crown
as has been suggested previously

(9, 10, 18, 19).

The fungus

forms a mantle of mycelium over the underground portion of
the plant and invades the cortex inter- and intracellularly.
Various relationships with the cell occur.

In some cases,

the cells have a few linear mycelial strands transversing
them,

in other cases monilioid structures are found inside

21

cells from a few in number to complete compaction of the
cells.

The fungus appears to be restricted to the cortex

in that it has not been observed to penetrate the endodermis.
Cortical tissues are continually sloughed off at the
surface of older adventitious roots as the polyderm expands
(15).

In nature, this layer of dead cells probably could

serve as a readily available carbon source for R. fraqariae
and stimulate its pathogenic effects, provided the proper
level of inorganic nutrition were available.
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GERMINATION OF STRAWBERRY SEED STIMULATED
BY RHIZOCTONIA FRAGARIAE

INTRODUCTION
Rate and amount of strawberry seed germination
varies by seed lot within variety, but varietal influence
results in a greater amount of variation

(1, 4).

In general,

strawberry seed germination occurs over an extended period
of time after planting in the absence of some special treat
ment.

Emergence of seedlings over a period of 10 to 140

days after planting seed of the same lot has been reported
(13) .
A number of treatment methods have been utilized to
enhance germination.

The effectiveness of most of these

methods is influenced to some extent by the parentage of the
seed.

Procedures for stratification at temperatures from

0 to 4 C for 1 to 4 mo have been reported to enhance rate
and total germination

(1, 4, 14).

Acid scarification in

creased the rate of germination greatly but tended to lower
total germination

(13).

Mechanical scarification has been

reported to have no significant effect on germination as an
independent treatment, but was of some benefit when followed
b y treatment with gibberellic acid

(5).

An 8 hr soak in 1 %

sodium hypochlorite increased the rate and total amount of
germination of most strawberry seed, but was shown to be
deleterious to some
to red

(12, 14).

Exposure of strawberry seed

(16, 17) or natural light
27

(15) has been shown to
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stimulate germination.
gibberellins

Gibberellic acid

(16), thiourea

(5), a number of

(16), and colchicine

been shown to stimulate germination.

(9) have

Gibberellins and

thiourea were found to be effective only on seed germinated
in the dark and light completely overcame the effect of both.
A4 was the most effective gibberellin and at a concentra
tion of 10 mg/liter in the germination medium was equal to
the stimulatory effect of light

(16).

Rhizoctonia fraqariae was recently shown to be fre
quently associated with strawberry plants and suggested to
exist in a mycorrhizal relationship with them

(10, 11).

In

view of the known stimulatory effects of mycorrhizal Khizoctonia spp. on germination of orchid seeds

(2), it was

decided to ascertain if a similar phenomenon occurs with
strawberry seeds.

A stimulatory effect was found and the

purpose of the research then became an attempt to determine
how R. fraqariae stimulates strawberry seed germination.
An abstract reporting a portion of this work has
been published

(3).

MATERIALS AND METHODS
Nine strawberry isolates of Rhizoctonia fraqariae
Husain & McKeen were used during this investigation.
lates designated La 1-4 were from Louisiana,
MT, MW, and M were from West Virginia,

Iso

isolates D,

and isolate RF was

from the American Type Culture Collection.

Stock cultures

were maintained at 4-6 C on culture tube slants of a medium
consisting of 10 g malt extract,
g agar

2 g yeast extract,

and 15

(MYE agar).

Seeds of 11 strawberry cultivars were studied during
this investigation.
pollinated.

All seeds were field grown and open

The seed were harvested by blending berries in

a Waring blender followed by repeated washing and decanting
as the seed settled to the bottom.
the following:
Sturgeon Bay:

Seed were obtained from

Midway from Dr. F. G. Gilbert, Univ. Wise.,
Dabreak, Headliner, Sequoia, and Earlibelle

from Dr. N. L. Horn and Prof. P. L. Hawthorne, La. State
Univ., Baton Rougej and Earlidawn, Blakemore, Sunrise, Surecrop, Albritton,

and Tennessee Beauty from Mr. H. L. Bowden,

Univ. Ark., Bald Knob.

All seeds were air dryed and stored

in closed screw cap vials at 4-6 C until they were used.
Seed were surface sterilized by soaking 15 min in
0.5% sodium hypochlorite and then transferred aseptically
29
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onto the surface of Hoagland's solution agar

(HSA), Hoag-

land's solution (8) plus 1.5% agar., in 9 cm petri p l a t e s ^
Ten seed were placed in a ring on the agar plate for germi
nation.

Seeds were inoculated by transferring a 6 mm myce

lial disc from a 3-day old plate culture of R. fraqariae,
grown on MYE agar at 24-27 C, to the center of the plate
containing seeds.

The seeded., inoculated plates were

incubated at 24-27 C with 80-100 ft-c of continuous cool
white flourescent light.

Effect of R. fraqariae metabolites on germination.
Sterile culture filtrate from R. fraqariae was obtained,
after 10 days growth on 50 ml Hoagland's solution plus 5 g
glucose, by filtering through a Seitz bacterial filter.

The

filtrate was tested for its effect on germination of Dabreak,
Headliner,

and Midway seed by:

i) sowing seed on the sur

face of agar plates prepared by incorporating the culture
filtrate in cooled, melted agar and ii) sowing seed on the
surface of HSA and pipetting a drop of culture filtrate on
each seed.
In another experiment, culture filtrates and a
fungal extract were Seitz filtered and vacuum infiltrated
into Midway strawberry seed.

The culture filtrates were

from 4, 7, and 14 day-old cultures grown on Hoagland's so
lution plus 1 g glucose per liter.

Fungal extract was

prepared by homogenizing 9 day-old MYE agar plate cultures
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of R. fraqariae in a Sorvall Omni-Mixer for 1 min with 25 ml
of water per plate.

Seed were vacuum infiltrated for 2 hr.

at 200 ja Hg,

surface sterilized with sodium hypochlorite,

sown on HSA.,

and incubated for germination.

In a third experiment,

R. fraqariae was grown on

each HSA and M Y E agar in petri plates for 7 and 14 day s.
The fungus was killed by autoclaving half the cultures and
by adding 1 ml propylene oxide per plate
half.

(18) to the other

Subsequently, ten Midway seed were sown on each plate

and incubated for germination.
Chemical seed treatments.

A number of chemicals
4

were tested for their effect on germination of Dabreak,
Headliner, and Midway seeds by the following methods:

i)

incorporating each chemical at each concentration in HSA
prior to autoclaving and sowing seed on the surface,

ii)

sowing seed on the surface of HSA and treating them by
aseptically pipetting a drop of each solution onto each seed
in a plate, and iii) vacuum infiltration of each solution
into a separate lot of seed, surface sterilization, and
sowing on HSA.

The chemicals and the range of concentra

tions that they were tested were as follows:

gibberellic

acid at six concentration from 1 to 1,000 ppm; indoleacetic
acid, indolebutyric acid, napthalene acetic acid, and
kinetin at five concentration from 10 to 1,000 ppm; thiourea
5,000 and 10,000 ppm; and potassium nitrate 2,500 and 5,000
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ppm.
Scarification.

Seeds of the cv Midway were soaked

in concentrated sulfuric acid for 15 min and rinsed 30 min
in running water

(13) .

A separate lot of seed was mechani

cally scarified between pieces of fine emery cloth by rota
tion of the upper piece of abrasive for 10 min with gentle
hand pressure.

Seed scarified by the two methods above were

surface sterilized and aseptically sown on plates of HSA.
One drop of autoclaved gibberellic acid., 500 ppm, was
pipetted onto each seed in half of the plates from each
treatment.
Moist-chilling.

%
Ten surface sterilized Midway seed

were sown in a ring on the surface of HSA in petri plates.
Seeded plates were stored at 4 C in plastic bags.

Ten

plates were removed at 4, 6, 8, 12 and 16 wk intervals after
storage and incubated for germination as previously de
scribed.

Five plates were inoculated upon removal from cold

storage and five were left uninoculated.

Seed were observed

for germination for 2 mo.
Histology of inoculated s e e d .

Midway and Dabreak

seeds were sown in a ring on HSA and inoculated with R.
fragariae, isolate La 1.

Seed were collected when the pro

truding radicle became evident, then killed and fixed in
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10% acrolein for 4 hr, and dehydrated in a graded ethanol/

n-butanol series.

The seeds were then embedded in the

“standardized media" formulation of Maraglas Epoxy Embedding
Medium (Polysciences, Inc., Rydal, Pa.) by the following
procedure:

propylene oxide,

2 changes of 30 min each;

propylene oxide-Maraglas mixture 1 to 1, 2 changes 1 hr
each; Maraglas,

1 hr at room temp; Maraglas,

12 hr at 10 C;

and hardened in gelatin capsules at 60 C in vacuum oven for
24 hr.
A standard rotary microtome was used to cut 4ju
sections of the seed embedded in Maraglas.
and toluidine blue staining method

An acid fuchsin

(6) was used to differ

entially stain the fungus and seed tissues.

RESULTS
Germination m ed i u m .

Germination rate of surface

sterilized Dabreak strawberry seed sown on water agar and
HSA was found to be increased when inoculated with R.
fraqariae„ isolate La-1.

The stimulatory effect by the

fungus was more pronounced on HSA during the first 2 wk
(Table 1).

Germination occurred at about the same rate on

water agar and HSA in the absence of the fungus.

Due to the

enhanced rate of germination on HSA with the fungus, this
medium was employed in all further studies.
«

Germination of Dabreak seed with nine R. fraqariae
isolates.

Nine isolates were selected to determine whether

the stimulatory effect of La-1 on seed germination is unique
or if it is a common characteristic of R. fraqariae.

A sin

gle isolate of R. solani was also included as a comparison.
All isolates of R. fraqariae behaved similarly

(Table 2).

Isolate M W was not as effective as the others for the first
9 days., but this can be attributed to its slower rate of
growth which resulted in its mycelium reaching the seed about
2 days later than the other isolates.

Rhizoctonia solani

stimulated germination of seed also, but not quite as well
as R. fraqariae.
34
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Table 1.

Effect of Rhizoctonia fraqariae, isolate La-lj

on germination of Dabreak strawberry seed on Hoagland's
solution agar and water agar

Percentage germination
Days after seeding and inoculating3
5

7

9

12

14

16

19

23

•
Water
Uninoc

0

5

17

27

32

40

57

75

Inoc

0

10

42

84

94

94

96

98

Uninoc

0

5

12

30

37

42

55

62

Inoc

0

30

82

96

96

98

98

98

Hoa g l a n d 's

aTen seed/plate;

five plates/treatment.
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Table 2.

Effect of Rhizoctonia fraqariae isolates on

germination of Dabreak strawberry seed on Hoagland's solu
tion agara

Percentage germination
Days

Fungal isolates
La— 1 La-2 La-3 La-4

M

MW

MT

D

RF

RSb Uninoc

5

0

0

0

0

0

0

0

0

0

0

0

7

30

28

22

46

44

4

32

30

36

22

5

9

82

70

80

82

72

38

70

64

92

50

12

12

96

80

90

88

82

82

88

76

96

72

30

14

96

90

92

90

92

92

90

92

98

80

37

16

98

92

92

94

96

96

96

92

98

84

42

19

98

94

96

96

96

98

96

94

100

94

55

23

98

96

96

98

98

100

96

98

100

94

62

£

Ten seed/plate;

five plates/treatment.

^Rhizoctonia solani.
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Response of seed from 11 cultivars to isolate La-1
and R F .

Eleven strawberry cultivars were studied to deter

mine what effect R. fraqariae might have on their germina
tion and further, how well the various seed would germinate
in aseptic conditions without the fungus.

There was a range

of 0-92% germination of the cultivars studied after 6 wk in
uninoculated plates

(Table 3).

Inoculation with isolates

La-1 and RF increased the rate of germination of all culti
vars and total germination after 6 wk in all except Sequoia.
There was little difference between the effects of La-1 and
RF on seed germination in any of the cultivars except
Tennessee Beauty in which case La-1 was clearly, more effec
tive.

Overall germination was almost three times as great

in inoculated plates compared to uninoculated o n e s .
Two cultivars, Dabreak and Midway, were selected
from opposite ends of the germination spectrum in terms of
their germination in the absence of the fungus.

Seed of

each cultivar were inoculated with La-1 and examined closely
over a period of 110 days.

Midway seed again failed to germi

nate in these conditions in uninoculated plates

(Fig. 1A).

Seed began germinating on the 10th day in inoculated plates
and continued to do so for a period of 110 days at which
time 96% had germinated.

Dabreak seed began germinating on

the 5th day in inoculated and 6th day in uninoculated plates
(Fig. IB).

The rate was much greater in inoculated plates

Table 3.

Germination of seed from 11 strawberry cultivars

following inoculation with Rhizoctonia fraqariae, isolates La-1
and RF

Percentage germination; wk after seeding3
2 wk
Cultivar

Uninoc

4 wk

La.— 1

RF

Uninoc

La- 1

6 wk
RF

Uninoc

La-1

RF

Dabreak

47

92

97

72

97

100

92

97

100

Headliner

15

80

85

37

87

87

60

92

90

Sequoia

3°

45

37

47

55

45

62

55

47

Surecrop
Earlibelle

20

100

92

50

100

15

47

45

, 25

65

100
70

60
35

100
77

100
80

Albritton

2

80

87

22

95

100

27

97

100

Earlidawn
Blakemore
Midway

0
0

70
80

72

10
2

55

95
100
80

25
5
0

100

0

95
95
80

97
97

100
100
100

Sunrise

0
0

55

95
82

100
52

Tenn. Beauty
Average
aTen seed/plate;

11.7

15
6 5 .4

95
65
67
5
67.9

0
0
0
24.1

92
52
83. 0

97
27
81.9

0
0
33.3

89.9

88.1

four plates/treatment.
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AFTER SEEDING

Effect of Rhizoctonia fragariae on strawberry

seed germination and subsequent virulence of the fungus to
seedlings.

A) Germination of Midway seed inoculated with

isolate La-1.

B) Germination of Dabreak seed inoculated with

isolate La-1.

C) Pe3.*centage of Dabreak seedlings killed by

four isolates of R. fragariae.
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and germination was complete by the 22nd day, whereas it was
about 80 days after seeding before uninoculated controls
completed germination.
Virulence of fungal isolates and susceptibility of
strawberry seedlings.

Death of seedlings frequently oc

curred following germination in the presence of the fungus.
Virulence of four isolates was determined by the numbers of
Dabreak seedlings killed by the fungus during a 110 day
period.

Isolates D, La-1, RF, and La-4 killed 100, 52, 12,

and 3%, respectively, by the end of the experiment

(Fig. 1C).

In another experiment, virulence of isolates La-1 and RF was
tested on seedlings of 11 strawberry cultivars over a period
of 6 wk.

Isolate RF was much less virulent overall, killing

32.1% of the seedlings while La-1 killed 66.5% (Table 4).
Earlibelle and Albritton were the only ones affected to the
same degree by both isolates.

There were distinct differ

ences in the susceptibility of the various cultivars to each
fungus isolate.

Albritton seedlings were the most resistant

with only 10% killed by each isolate at the end of 6-wk
period.

Sequoia seedlings were the least resistant with

100% killed b y La-1 and 79% by RF.
Effect of R. fragariae metabolites on germination.
A number of methods were used to determine whether R.
fragariae produces a metabolite that stimulates germination
of strawberry seed.

Culture filtrates and fungal extracts
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Table 4.

Seedling death of 11 strawberry cultivars

after germination in the presence of Rhizoctonia fragariae,
isolates La-1 and RF

Percentage dead seedlings; wk after seeding3
4 wk

6 wk

Cultivar

La-1

RF

La—1

RF

tr1
JU
I

2 wk

RF

Dabreak
Headliner

11
12

5
18

56
69

15
43

72
84

17
44

Sequoia

17

53

82

72

100

79

Surecrop

22

5

57

25

67

30

Earlibelle

26

44

69

61

64

69

Albritton

0

0

10

5

10

10

Earlidawn

4

3

60

13

57

15

Blakemore

9

8

74

15

82

15

Midway

0

0

31

6

59

12

Sunrise

0

4

43

5

63

10

17

0

48

27

73

52

54.5

26.1

66.5

32.1

Tenn. Beauty
Average

10.7

12.7

a

Ten seed/plate;

four plates/treatment.
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were pipetted onto seed, incorporated into the germination
medium., and vacuum infiltrated into the seed.

Seeds were

also sown on media in which the fungus had grown and been
killed subsequently by gas and heat.

None of these methods

were effective in increasing the rate of seed germination
compared to that of untreated seed germinating on HSA.
Chemical seed treatments.

Gibberellic acid., indole-

acetic acid, indolebutyric acid, napthalene acetic acid,
kinetin, thiourea,

and potassium nitrate were tested for

their effect on strawberry seed germination.

Each chemical

was tested over a wide range of concentrations by pipetting
drops of each solution onto seed, incorporating them into
the germination medium, and by vacuum infiltrating them into
the seed.

None of the chemicals used with any method in

creased the rate of germination over that of controls.
Scarification.

Strawberry seed were scarified with

concentrated sulfuric acid and mechanically with an abrasive.
Scarification with sulfuric acid for 15 min resulted in very
rapid and complete germination of Midway seed.

Germination

was 88% after the 1st wk and 100% by the end of the 3rd wk
(Table 5).

Sanding with emery cloth resulted in only 4%

germination after 6 wk.

The addition of a drop of gibber

ellic acid solution to each seed after scarification had no
effect.

Inoculated seed had germinated 88% after 6 wk and

uninoculated controls had not yet begun to germinate.
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Table 5.

Effect of acid and mechanical scarification of

Midway strawberry seed compared with seed inoculated with
Rhizoctonia fragariae and seed with no treatment

Percentage germination; wk after :sowing3
Treatment
1 wk

2 wk

88

98

100

85

90

95

Sandpaper^

0

0

Sandpaper + Gib.

0

H 2S04b
H 2S°4 + G i b *C

R. fraqariae, La-1
Control

3Ten seed/plate;
Id
c

3 wk

4 wk

-

5 wk

-

-

100

-

-

4

4

4

4

0

4

4

4

4

10

18

50

68

80

88

0

0

0

0

0

0

5 plates/treatment.

15 min soak in cone H^SO^.
Gibberellic acid 500 ppm solution., one drop pipetted

onto each seed after sowing,
d

6 wk

10 min abrading between pieces of fine emery cloth.
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Normally the first obvious sign of germination was the
emergence of the radicle., but with acid treated seed the
cotyledons emerged first.
Moist-chilling.

Midway seed were sown aseptically

on HSA and stored at 4 C for 4, 6, 8, 12, and 16 wk.

Moist-

chilling in these conditions had no effect on germination of
these seeds.

Seed in plates left uninoculated following the

cold treatment did not begin germination during 4 wk of
incubation.

Seed in plates that were inoculated upon re

moval from cold storage germinated as they did in previous
experiments without a cold treatment.
4

Histology of inoculated seed.

Seed were collected

from inoculated plates as the radicle emerged.

They were

studied histologically to determine the physical relation
ship of R. fragariae to germinating seed.

Longitudinal

sections of Midway seed are shown in figure 2-A, B with the
anatomical structures labelled.

What is referred to in this

paper as "seed" is actually a fruit which is an achene.
pericarp

(achene wall)

stone cells.
integument

The

is composed of thick closely packed

Inside the pericarp is a heavily suberized

(seed coat) which surrounds the embryo.

The

vascular trace forms a natural opening through the pericarp
at the point where the achene was previously attached to
the receptacle

(Fig. 2-B).

The acid fuchsin and toluidine

45

Fig. 2-A&B.

Longitudinal sections through germinating

Midway seed inoculated with Rhizoctonia fragariae; P =
pericarp,

I = integument, VT = vascular trace, M = mycelium

of R. fragariae, C = Cotyledon,
X75) .

and RE = radicle end (A&B
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blue combination stained the fungal cells purple and the
seed tissues green providing for good differentiation.
Rhizoctonia fragariae was found to form a mantle of mycelium
over the surface of the achene wall
never observed to penetrate i t .

(Fig. 2-B), but was

The fungus was observed

penetrating the vascular trace of seed from both Midway and
Dabreak cv.

(Fig. 2-B & 3-A, B ) .

Once inside the pericarp,

via the vascular trace, the fungus mycelium grew between the
pericarp and the suberized integument

(Fig. 4).

The fungus

was never observed to penetrate the integument even though
it had a close association with it.

There was no histologi

cal evidence that the fungus infected any part of the
embryo or the radicle as it emerged.
Numerous measurements of the pericarp wall thickness
of Midway and Dabreak seed were made.

Pericarp thickness of

Midway was found to range from 90 to 120

with an average of

107 ji, while Dabreak ranged from 53 to 72 ju with an average
of 64 j x .

Furthermore, the pericarp of Midway seed appeared

to be more organized and more dense than that of Dabreak
(Fig. 5-A, B) .
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Fig. 3-A&B.

Vascular trace area of germinating Midway

seed showing penetration of Rhizoctonia fragariae; P =
pericarp,

I = integument, VT = vascular trace, M = mycelium

of R. fragariae

(A X250 and B X 5 5 0 ) .
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Fig. 4.

Germinating Midway seed inoculated with Khizoc-

tonia fragariae, showing R. fragariae mycelium (M) growing
between the pericarp

(P) and the integument

(I)

(X625).
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Fig. 5.
seed.

Cross section of pericarp

(P) of strawberry

A) Midway approx. 9 3 ^ thick, and B) Dabreak ap

prox. 55 j x thick

(X360).

DISCUSSION
Strawberry seed germinated at a faster rate during
the first 2 wk after inoculation with R. fragariae on HSA
than on water agar.

It was most likely due to the more

rapid growth of the fungus in the presence of high inorganic
nutrition., rather than an effect of nutrition on the seed
themselves.

Uninoculated seed germinated equally well on

HSA and water agar.
Stimulation of strawberry seed germination was found
to be a common characteristic of all R. fragariae isolates
tested.

There was not much difference among is'olates with

respect to the degree that they stimulated germination of a
given cultivar.

One exception to this general observation

was the greater effect of isolate La-1 on Tennessee Beauty
seed than isolate RF.

A single isolate of Rhizoctonia

solani was tested and found to stimulate germination.

Even

though other fungi have not been tested yet, it is known from
occasional contamination that occurred during this study that
there are some which stimulate germination to some degree.
While seed of a given cultivar responded similarly to
the stimulatory effect of different fungus isolates,

seed from

different cultivars varied somewhat in the rapidity of their
response to inoculation with R. fragariae.
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The rate of seed

germination of all cultivars was increased by inoculation.,
and total germination was equal or greater than in uninocu
lated controls except Sequoia in which total seed germina
tion was slightly greater in uninoculated samples.
Virulence of four fungus isolates to Dabreak seed
lings after germination ranged from 3 to 100% kill.

In

another experiment two isolates were tested against seedlings
from 11 cultivars; overall,

isolate RF killed 32% of the

seedlings while La-1 killed 66%.

The 11 cultivars tested

showed a definite range of tolerance for R. fragariae in
that as few as 10% of the seedlings of some were killed
while 10096 of seedlings of another were killed.

Sequoia

seedlings were the least tolerant of the cultivars tested
with 100% of the seedlings being killed by La-1 and 79% by
RF.

It is likely that some of the embryos were killed in

the Sequoia seed prior to the emergence of the radicle,

in

view of the lower total germination that occurred on inocula
ted pl a t e s .
To determine whether R. fragariae produced a metab
olite that stimulated germination,

seeds were tested with

culture filtrates and mycelial extracts.
effect was observed in any experiment.

No stimulatory
Additionally,

a

series of chemicals were tested that have been shown to be
effective in stimulating germination of strawberry seed or
other seed.

None of the treatments with these chemicals

resulted in an increased germination rate.

The failure to
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get a response with chemicals shown by other workers to be
effective in stimulating strawberry seed germination is
apparently due to the fact that all of the present studies
were done in light.

Thompson

(16) recently showed that the

stimulatory effect of gibberellins and thiourea occurred
only in the dark., and that exposure to light completely
overcame the dark requirement for these two chemicals for
strawberry seed germination.
Acid scarification greatly enhanced strawberry seed
germination as previously reported (13).

The use of an

abrasive to scarify the seed was only slightly effective.
Moist-chilling or stratification has been shown to
be effective in stimulating strawberry seed germination
(4).

Moist-chilling of Midway seed

in aseptic conditions

in this study failed to influence their germination.

It is

suggested that the principle effect of stratification in
enhancement of strawberry seed germination,

as reported,

is

microbial activity on seed.
Histological studies of inoculated strawberry seed
show that the fungus penetrates the vascular trace to get
inside the pericarp of the seed

(achene).

Once inside it

grows between the pericarp and the integument

(seed coat).

It does not penetrate the embryo as is the case when certain
mycorrhizal fungi penetrate orchid seed (7).
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It is believed that the difficulties observed in
germination of strawberry seed in the light are related to
the thickness of the impermeable pericarp in which they are
encased.

Seed of the Dabreak cultivar which germinate

fairly well without treatment have a pericarp only 60% as
thick as seed of Midway which will not germinate in the
absence of some special treatment.

Acid scarification or

inoculation with R. fragariae greatly enhanced strawberry
seed germination.

Apparently both of these methods resulted

in opening avenues for water and/or gas penetration to start
the germination process.

Acid does so by eroding away the

pericarp and R. fragariae by digesting openings through the
vascular trace and between the integuments and the pericarp
wall.
Based on the results from this investigation in
which untreated seed of certain cultivars fail to germinate
in aseptic conditions, and the prolonged germination period
observed b y other investigators working in natural condi
tions^ it is suggested that microbial activity plays a
definite role in germination of strawberry seeds in nature.
In fact, Scott and Ink (14) observed that strawberry seed
treated with Arasan resulted in slower emergence of seed
lings .
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